In Vero ceils infected with Bunyamwera virus there is a rapid inhibition of cell RNA and protein synthesis to levels of 3o and 3 % respectively of the control rate, both the rate of inhibition and the time lag before its initiation being multiplicity dependent. Using u.v.-irradiated virus, investigation of the mechanism of inhibition of host cell protein synthesis indicates that synthesis of new virus components is required for inhibition to occur. Quantitative comparison of the proteins synthesized in infected cells shows that at higher m.o.i, synthesis of virus, as well as cellular proteins, is inhibited. Bunyamwera virus-infected Vero cells synthesized three virus-specific proteins identified as th¢ structural virion proteins. Nucleoprotein is synthesized predominantly early in infection while the major envelope glycoprotein and the minor glycoprotein are synthesized predominantly late in the infection cycle.
INTRODUCTION
The inhibition of cellular macromolecular synthesis after infection of animal cells by virus is a well known phenomenon. The commonest changes, the 'shut-down' of host cell RNA and protein synthesis while virus macromolecular synthesis is proceeding have been demonstrated for many RNA and DNA-containing viruses belonging to several major groups (Martin & Kerr, I968) . The most detailed information is available for poliovirus of the picornavirus group (Baltimore, 1969) .
The mechanism of this 'shut-down' has also been studied for various virus groups to determine whether a pre-formed virus structural component is the infiibitor or whether the synthesis of a new component is required. No single mechanism has as yet been established and reports are conflicting (Metz, I975) although recently it has been demonstrated that for poliovirus infection the selective inhibition of translation appears to be due to the inactivation of initiation factor eIF-4B (Rose et al. 1978) .
Studies on the structure of the Bunyaviridae have revealed circular ribonucleoproteins containing a segmented RNA genome in California group viruses and Uukuniemi virus (Bouloy et al. I973/4; Pettersson & von Bonsdorff, t975; Samso et al. I975; Obijeski et al. I976b) while recent analyses of the protein composition of the Bunyaviridae have shown the presence of three polypeptides (Obijeski & Murphy, I977) . The mol. wt. of these proteins in Bunyamwera virus have been estimated to be I25OOO, 3oooo and 22ooo (see Obijeski & Murphy, 1977) while Gentsch et aI. (1977) give values of I15ooo, 38ooo and I9ooo for the same polypeptides. The smallest protein is the nucleoprotein, while the two larger proteins are glycosylated, the largest being the major envelope glycoprotein (Obijeski & Murphy, I977) . A fourth protein of tool. wt. 18ooo0 has been reported for La Crosse virus (Obijeski et al. 1976a ) and 17oooo for Uukuniemi virus (von Bonsdorff & Pettersson, 1975 ).
oo22-I317/79/oooo-347o $02.00 (~ I979 SGM Little is known, however, about cellular events occurring during the biosynthesis of these viruses. Pettersson (I974) describing the infection of BHK 2I and chick embryo cells with Uukuniemi virus, a tick-borne enveloped RNA virus morphologically similar to Bunyamwera virus, showed that no inhibition of cellular RNA, DNA or protein synthesis occurred. A single report on virus protein synthesis in Bunyamwera virus-infected BSC-I cells showed the presence of four virus-induced polypeptides of mol. wt. 2ooooo, I28OOO, 3 t ooo and 23 ooo (Pennington et al. I977) .
The aim of the following study was to further examine the effect of Bunyamwera virus infection on host cell macromolecular synthesis and the progress of virus protein synthesis. A preliminary report on this data was presented at the N.I.A.I.D. Workshop on Bunyaviruses, Bethesda, Md, in November I974.
METHODS
Diluents. Borate saline, pH 9.o, was prepared according to Clarke & Casals 0958) . Virus diluent contained o.ol M-Hepes (N-2-hydroxyethyl piperazine-N'-2-ethanesulphonic acid), pH 7"5, and o-2 % Belgian gelatine in Hanks' balanced salt solution. TES buffer contains o.t M-NaC1, o.ooi M-EDTA in o.oi M-tris-HC1, pH 8. 5.
Virus and cell cultures. Bunyamwer a-inf ected cells I25 signs of illness (48 h p.i.) and a io% (w/v) suspension of brain tissue was prepared in borate saline, pH 9"0, clarified by centrifugation for 15 rain at 8oo g, ampouled and stored at -7o °C. Titres were 2 to 5 × Io 8 p.f.u./ml. Mouse brain stocks were used because the infectivity titres obtainable in cell cultures were lower and growth curves (see below) suggested that interference may be a limiting factor. Due to the difficulty of recognizing Bunyamwera virus particles in the presence of cell debris it is not possible to determine particle/p.f.u, ratios for stocks.
Vero cells were grown in 600 ml round bottles slowly rotated on a roller drum, or in 5 cm Petri dishes, using a growth medium consisting of Medium I99 plus 5 % foetal calf serum (FCS).
Growth andp:tr~cation of virus. To establish the optimum growth conditions for Bunyamwera virus a growth curve was constructed. Roller cultures of Vero cells were infected at a m.o.i, of o.I and 5 p.f.u./cell. At various times p.i. duplicate whole cultures of each m.o.i, were harvested and the supernatants and cell extracts (see below) were titrated for infectivity. As can be seen in Fig. I , the highest yield of virus was obtained at about 24 h p.i. with a m.o.i, of o.I p.f.u./cell and there was always approx, ion-fold more virus present intl:acellularly than extracellularly. Virus yield was depressed at the higher m.o.i. Thus cultures were routinely infected with o'l p.f.u./cell of virus and maintained on medium ~99 with 2 % FCS until harvested at 24 to 30 h p.i. when virus titre was at a maximum.
For growth of radioactively-labelled virus the maintenance medium was removed at 5 to 6 h p.i. and replaced with 20 ml per bottle of Eagle's minimal essential Medium (MEM) AA/Io (MEM modified to contain one tenth of the normal concentration of amino acids) and containing 5 % dialysed FCS and o'2 to 0"3/zCi/mt 14C-mixed amino acids.
Infected culture supernatants were discarded after centrifugation at I 18o g for 2o min to pellet cells. These were processed together with the remaining monolayer which was stripped from the glass by shaking with glass beads in o'o5 M-tris-HCl, pH 8"5, containing o-oi M-EDTA. To release virus, cells were sonicated for 6o s at o °C in an MSE Ultrasonic Disintegrator. Large cell debris was removed by centrifugation at Ioooo g for 2o min. The clarified virus-infected cell extract (48 ml per 6o ml cellulose nitrate centrifuge tube) was underlaid with 8 ml 30 % (w/v) sucrose followed by 4 ml 50 % (w/v) sucrose in o. I M-NaC1, o.or M-EDTA and o.oI M-tris-HC1, pH 8. 5. The tubes were centrifuged at 695oo g for 9o rain at 4 °C (Spinco SW25.2 rotor). Virus harvested from the interface of the 3o and 5o% sucrose solutions was dialysed and after sonication for I5 s was layered on to a pre-formed linear gradient of In to 4o % (w/v) sucrose in TES. Gradients were centrifuged at IOOOOO g for Ion rain at 4 °C (Spinco SW4I rotor). Virus was located in fractionated gradients by haemagglutinin and infectivity titration.
Titration of itfectivity. Infectivity was titrated by plaque formation in Vero cell monolayers by a modification of the method of Bergold & Mazzali (~968). Samples (o'5 ml) of the appropriate virus dilution in virus diluent were added to duplicate 5 cm dishes, allowed to adsorb for I h at room temperature and then overlaid with 5 ml/dish of Medium ~99 containing o'25% bovine serum albumin, o.oI M-Hepes, pH 7"4, and o'5% agarose. After 4 days incubation at 35 °C in a humidified and 5% CO2 atmosphere, gassed incubator plates were removed and cells fixed with 5 % formaldehyde in normal saline and stained with o. ~ % crystal violet. Plaques were I to 2 mm in diam.
Infection and radioactive labelling of cells. Vero cell monolayers in 5 cm Petri dishes were
infected by the addition of o'5 ml samples of dilutions of suckling mouse brain stock virus in virus diluent to give the required m.o.i. After ~ h adsorption at room temperature the inoculum was removed and replaced with 3 to 4 ml/dish of Medium I99 containing 1% FCS. Dishes were returned to a CO2 gassed, humidified incubator at 35 °C until the labelling period. For labelling of RNA the maintenance medium was removed and replaced with r ml/dish of fresh maintenance medium containing I to 3 #Ci/ml 3H-uridine. To label protein the maintenance medium was replaced with I ml/dish of Eagle's MEM AA/Io containing 5 % dialysed FCS and o'5 #Ci/ml of l~C-mixed amino acids. The labelling period was terminated by removal of the radioactive culture medium and flooding cells with ice-cold phosphate-buffered saline, pH 7"2. Cells were rinsed twice more with ice-cold buffered saline.
Preparation ~fcell extracts. If the infected, radioactively-labelled cells were ~o be assayed for infectivity as well as radioactivity, the rinsed cells were harvested from dishes by scraping off the glass with a rubber policeman into o'o5 M-tris-HCl, pH 8"5, containing o.oI M-EDTA. Cells were lysed by sonication for I min at o °C with an MSE Ultrasonic Disintegrator and samples removed for assay.
Processing cells for determination of total incorporation of radioactivity. After thorough rinsing in the cold with phosphate buffered saline, acid-insoluble material was precipitated in situ by the addition of 3 ml/dish of ice-cold 5 % (w/v) triehloroacetie acid (TCA). Plates were kept on ice for I5 min when the TCA was removed and the precipitates rinsed twice with fresh ice-cold 5 % TCA. Residual TCA was removed and precipitates dehydrated by rinsing with 3 to 4 ml/dish of ethanol, ethanol : ether, a I : x mixture, and ether. Plates were dried at 5o °C for 15 rain and precipitates dissolved by adding I ml/dish of NCS (9 parts NCS to ~ part water) and leaving overnight in a sealed container. The NCS from each dish was transferred into counting vials, dishes were rinsed with scintillation fluid (5 g PPO and o.I g dimethyl POPOP per litre of toluene) and rinsings added up to a total of Io ml. Vials were chilled before counting in a Packard Tri-Carb Liquid Scintillation Spectrometer.
Assay of acid-precipitable radioactivity. Acid-precipitable radioactivity in 25 to 50 #1 samples was determined by the filter paper disc batch method of Mans & Novelli 096I).
Polyacrylamide gel electrophoresis. Polyacrylamide gels (o'5 × I O cm) of 8"75 % acrylamide
were prepared in siliconized tubes according to the method of Laemmli 097o). Samples of 25 to 75 #1 containing up to ~oo #g protein were mixed with Ioo to 3oo #1 of 3 % SDS, 5% 2-mercaptoethanol and to% glycerol in o'o625 M-tris-HC1, pH 6-8, and heated to Ioo °C for 2 rain. One drop ofo.ooI % bromophenol blue was added to dissociated samples before applying to gels. Samples were stacked at room temperature at a constant current of x mA/gel, the current being increased to 2 to 3 mA/gel when the tracking dye had just entered the lower gel. After electrophoresis gels were frozen and sliced with stacked razor blades. Slices were placed in scintillation vials adding 0"5 ml 9o % NCS solubilizer (9 parts NCS to I part water) to each vial. Vials were incubated with tightly screwed on caps at 5o °C for 2 h and after cooling, 5 ml of scintillation fluid were added to each vial. Doubly labelled samples were corrected for the overlap of tritium counts in the a4c channel.
Ultraviolet irradiation of Bunyamwera virus. Stock suckling mouse brain virus was diluted
in virus diluent to approx. 2 × IO 7 p.f.u./ml and dispensed into 5 cm glass Petri dishes at 2 ml/dish. This gave a film of liquid approx, t to 2 mm in depth. Dishes were placed on a rocker plate 20 crn below a General Electric Germicidal I5 W u.v. lamp and exposed for varying periods of time (Io to i8o s) while mechanicalIy rocked to ensure even exposure to u.v. Contents of dishes exposed for similar periods were pooled and titrated for surviving infectious virus as were the non-irradiated controls.
RESULTS

Shut-down of RNA synthesis
To determine whether any changes occurred in the rate of RNA synthesis in Vero cells after infection with Bunyamwera virus, the following experiment was performed. Confluent Vero cell monolayers in 5 cm dishes were divided into three groups. were infected at multiplicities of approx, o-I and 5 p.f.u./cell respectively, whilst the third group was mock-infected to serve as controls. Starting at the time of infection (i.e. the time of addition of maintenance medium after a I h adsorption period) and at z hourly intervals thereafter up to 24 h p.i., cells were labelled for 2 h by the addition of ~ ml/dish of fresh maintenance medium containing I'5/~Ci/ml 3H-uridine. Duplicate cultures of cells from each group were used for each labelling time and dishes were individually processed throughout. At the end of each 2 h labelling period cells were processed as described in the Methods. The total amount of 3H-uridine incorporated during each 2 h interval was calculated as a percentage of the control and the result is shown in Fig. 2 . In Vero cells infected with Bunyamwera virus at a multiplicity of 5 p.f.u./cell there was a rapid decrease in the rate of RNA synthesis beginning between 4 and 6 h p.i. and continuing until about IO to I2 h p.i. when infected cells synthesized RNA at a basal rate which was 3o% that of control uninfected cell rate. Cells infected at a multiplicity of o.I p.f.u./cell also exhibited a shut-down of cell RNA synthesis but with a delay of approx. 6 h before the beginning of shut-down and a ~o to 12 h delay in reaching the same basal level of RNA synthesis as cells infected at the higher multiplicity. Control cells showed a slowly decreasing rate of RNA synthesis over the 24 h experimental period.
Shut-down of protein synthesis
An experiment identical to that above was carried out to determine the effect of Bunyamwera virus infection on cellular protein synthesis. The total incorporation of 14C-mixed amino acids for each 2 h time interval is shown in Fig. 3 . The rate of protein synthesis in cells infected at the higher multiplicity (5 p.f.u./cell) began to decrease rapidly at 4 to 6 h p.i. and continued to decline till it reached a base level of 2 to 3 % of the control rate at approx. 14 h p.i. Cells infected at low multiplicity (o.i p.f.u./cell) showed a similar shutdown but this did not begin till after io h p.i. and took longer to reach the lowest level. Control cells synthesized protein at a uniform rate throughout the experiment. 
u./cell (©--O), or an equivalent dose of virus u.v. irradiated for IOs (O O), 3o s (IS]-[7) or I2o s (Ill--m).
Thus a protein shut-down occurred at roughly the same time after infection as RNA shut-down but a difference was seen between the degree of inhibition of protein and RNA synthesis. Whilst RNA synthesis was inhibited by a maximum of 7o% after infection, protein synthesis was reduced by 98 % of the control rate.
Mechanism of protein shut-down
The following experiment was designed to determine whether a pre-formed virus (structural) component was responsible for shut-down of protein synthesis or whether a new component had to be synthesized in infected cells before any inhibition could take place. If cells were infected with virus whose ability to replicate had been impaired by u.v. irradiation, inhibition of host cell protein synthesis could only occur if a pre-formed virus component was the inhibitor. If no shut-down occurred under these conditions then synthesis of an inhibitor was required.
Irradiation with u.v. light was found to be an efficient means of destroying infectivity. A plot of lOgl0 surviving infectious virus versus the length of exposure under standard conditions gave a curve approximating to a straight line (Fig. 4) , an exposure of 6o s duration being sufficient to destroy all infectivity of 2 ml of a virus dilution containing approx. 2× io 7 p.f.u./ml. From this curve exposure times of Io, 30 and 12o s were chosen for irradiation of inoculum since they gave approx, a I and 3 logt0 decrease and total inactivation of infectivity respectively.
Confluent Vero Petri dish cultures were divided into five groups. One group was mockinfected (control) while the other four groups were infected with an inoculum containing 5 p.f.u./cell of virus which had been either left non-irradiated or irradiated for Io, 3o or 12o s. After x h adsorption at room temperature the inoculum was removed and ceils replenished with maintenance medium. Cells were labelled for periods of 2 h at various times from o to 24 h p.i., then processed with TCA. Fig. 5 shows that, as in Fig. 3 , the non-irradiated inoculum of 5 p.f.u./eell caused a decrease in rate of cell protein synthesis beginning at 4 h p.i. and continuing until t2 to r4 h p.i. when infected cells synthesized protein at z% of the uninfected control rate. However, virus irradiated with u.v. light showed an impaired ability to inhibit cell protein synthesis proportional to the dose of u.v irradiation received. Virus irradiated for 12o s with no infectivity had lost the ability to inhibit cell protein synthesis and the curve was indistinguishable from that of control cells. The ability of Bunyamwera virus to inhibit cell protein synthesis was thus not due to a pre-formed virus component (or a non-virus component in the preparation) but rather related to its ability to direct the synthesis of new virus constituents.
Polypeptides synthesized in Bunyamwera virus-infected cells
To study the polypeptides synthesized at various times after infection of Vero cells, cultures were infected at o-~ and ~ p.f.u./cell and-labelled with 14C-mixed amino acids at 4 to 6, IO to i2, 16 to 18 and 2z to 24 h p.i. Control uninfected cells were labelled at 4 to 6 and 22 to 24 h to determine whether any change in normal cell protein synthesis occurred under the experimental conditions used here. Cells were harvested immediately after the labelling period and cell extracts were analysed by polyacrylamide gel electrophoresis. cells labelled at 4 to 6 and 22 to 24 h (not shown) were virtually identical and indistinguishable from polypeptide profiles of cells infected at either multiplicity labelled at 4 to 6 h. At lo to I2 h p.i. cells infected at ~ p.f.u./cell showed a greatly decreased background of host cell proteins with the emergence of two new proteins with electrophoretic mobilities similar to those of the glycoprotein of l16000 tool. wt. and the nucleoprotein of 27000 mol. wt. in purified Bunyamwera virus (I. Lazdins & I. H. Holmes, unpublished data). The smaller protein was present vastly in excess of the large one. By 16 to 18 h p.i. the background of host cell proteins was almost eliminated and, in addition, a third protein, corresponding in electrophoretic mobility to the minor 37000 mol. wt. protein in virus (I. Lazdins & I. H. Holmes, unpublished data), was present. The amount of the high mol. wt. glycoprotein had increased considerably relative to the nucleoprotein until at 22 to 24 h p.i. it was present in excess of the latter. The rate of synthesis of the third protein, tool. wt. 37ooo, appeared to continue at the same level. A similar sequence of proteins was seen in cells infected at o.L p.f.u./cell but initiation of virus protein synthesis was considerably delayed. The nucleoprotein was first detected at io to 12 h against a high background of cellular proteins. Later, all proteins were seen in the same proportions as in the cells infected at higher m.o.i. The nucleoprotein was synthesized early in infection, its rate of synthesis decreasing between 12 and I6 h. The glycoprotein was not synthesized in any great amount until late in infection, probably reaching a maximum rate after I6 h. The 37ooo tool. wt. protein was seen later in infection in much smaller amounts than the other two proteins. It is possible that this protein was synthesized earlier but not distinguished from background host protein.
In Fig. 6 the scale of each graph represents the distribution of the total amount of radioactively labelled protein present in each cell extract. Analysis of the data in this way reveals an important finding. Although in cells infected at low m.o.i. (o.~ p.f.u./cell) only about 5o% inhibition of host cell protein synthesis is observed, virus proteins may be readily distinguished. These virus proteins are synthesized in l o-fold greater amounts than in cells infected at the higher m.o.i. (I p.f.u./cell). Shut-down of protein synthesis is so extreme (95 % inhibition) in cells infected at approx. I p.f.u./cell that although proteins are clearly seen against a very low background, it appears that shut-down also limits virus protein synthesis.
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In all gels shown in Fig. 6 there is a large amount of radioactively labelled proteinaceous material migrating with the dye in a very sharp peak which is most prominent in gels containing the whole spectrum of cellular proteins. On 8.75 % acrylamide gels proteins less than 2oooo tool. wt. would not be resolved and so would travel with the dye. In infected cells less of this material was present and when infected cell extracts were analysed on Maizel type gels (Maizel, 1969) it was absent. It was therefore concluded most likely to be small peptides and amino acids unrelated to virus although the possible presence of proteins of mol. wt. less than 2oooo in infected cells could not be totally excluded.
Relationship of polypeptides in infected cells to structural proteins Of the virus
When all-mixed amino acid labelled Bunyamwera virus-infected cells were mixed with 14C-mixed amino acid labelled purified virus and the dissociated mixture analysed on acrylamide gels (Fig. 7) , each of the three proteins in the virus-infected cells co-migrated with a protein of purified virus, thus identifying them as the structural virus proteins.
DISCUSSION
Bunyamwera virus was found to have remarkable ability to alter cellular metabolism drastically at m.o.i, as low as o-~ to 5 p.f.u./cell which are low compared to those used for other virus-cell systems. Infection of Vero cells with Bunyamwera virus resulted in drastic shut-down of RNA and protein synthesis. Both the rate of shut-down and the time lag before its initiation were multiplicity dependent although eventually the same basal level of synthesis was reached. Whether the striking difference in level of inhibition of RNA and protein synthesis in virus-infected cells is due to incomplete inhibition of host cell RNA synthesis, or increased virus RNA synthesis is not known and requires further study. The 4 to 6 h lag observed with a m.o.i, of 5 p.f.u./cell could presumably be shorter with a higher m.o.i, but this could not be readily achieved without the danger of toxic effects to cells of mouse brain suspension. The basic problems encountered with Bunyamwera virus included the very poor yields of infectious virus and its fragility, giving rise to large losses during concentration and purification.
In contrast, it is notable that Pettersson 0974) found no change in the rate of DNA, RNA or protein synthesis in BHK 2I or chick embryo cells infected with Uukuniemi virus. While Bunyamwera and Uukuniemi viruses appear basically similar, they differ in surface structure and in polypeptide composition (Von Bonsdorff & Pettersson, I975; Obijeski et al. I976a; Gentsch et al. I977) and in this property of shut-down of host cell macromolecular synthesis, and may thus represent different genera within the family Bunyaviridae.
A preliminary investigation of the mechanism of protein shut-down using u.v.-inactivated Bunyamwera virus indicated that synthesis of new virus components was required before inhibition could take place since u.v.-irradiated virus showed an impaired ability to inhibit host cell protein synthesis in proportion to the radiation dose. Our findings are in agreement with results for poliovirus (Penman & Summers, I965) and vaccinia virus (Moss, I968) but differ from those obtained with rhabdoviruses. Huang & Wagner 0965) presented evidence that a pre-formed virus component was responsible for inhibition of RNA synthesis in vesicular stomatitis virus-infected cells since this inhibition was independent of u.v. irradiation or puromycin treatment. A similar proposal was put forward by Yamazaki & Wagner (I97O). More recently Wertz & Youngner (I972) have shown that in this case two mechanisms may be involved, one of these being a multiplicity dependent u.v. insensitive inhibition and the second a progressive u.v. sensitive inhibition.
An intriguing feature of the protein shut-down by Bunyamwera virus is that at higher m.o.i, synthesis of virus protein is also inhibited. An input m.o.i, of I p.f.u./cell resulted in virtually total inhibition of host cell protein synthesis late in infection and also in approx. lo-fold less synthesis of virus proteins than in cells infected at o.1 p.f.u./cell where shutdown was only partial. This decrease in virus protein synthesis is thus the primary cause of reduced yields of infectious virus as seen in the growth curves of Bunyamwera virus (Fig. I) . This phenomenon might therefore also be responsible for the low infectivity titres obtainable with many other bunyaviruses. The mechanism involved here could be related to the production of defective interfering particles after repeated high multiplicity passage of virus, since the Bunyamwera virus stock was not cloned, but Obijeski et al. 0976a) recently showed that even freshly cloned La Crosse virus behaves very similarly, in that yields from infected cells are decreased if the m.o.i, exceeds o.ooa p.f.u./cell.
Bunyamwera virus-infected Vero cells synthesized three virus-specific polypeptides which were identified as the virus structural proteins. No non-structural virus specific proteins were detected although such proteins are often found for other viruses such as reovirus (Zweerink et al. Three of these polypeptides of tool. wt. i28ooo, 31ooo and 23000 correspond to those reported here whilst an additional polypeptide of 2ooooo tool. wt. is present. In our experiments using Bunyamwera virus-infected Veto cells and purified Bunyamwera virus we have failed to detect a high tool. wt. protein equivalent to that of 2o0o0o mol. wt. found by Pennington et al. (I977) . This protein may be present but in amounts eluding detection by our techniques. It also appears to be absent in the majority of bunyaviruses analysed to date (Obijeski & Murphy, 1977) .
The smallest Bunyamwera protein, the nucleoprotein, was the first virus protein detected in infected cells and was synthesized predominantly early in infection. The envelope glycoprotein and the minor unidentified glycoprotein of 37ooo tool. wt. were synthesized mainly late in infection. These kinetics of Bunyamwera virus polypeptide synthesis are similar to those described by Pennington et al. (I977) . This suggests that some form of control is exerted by virus on the synthesis of its protein, but the level at which this control is exercised or its mechanism are unknown.
